Type 2 diabetes is a heterogeneous disorder involving impairment of both insulin secretion and insulin action. The immunological and haematological statuses during normal and diseased conditions have been studied. The study groups consisted of 220 patients (110 males, 110 females) and 220 age and sex matched control subjects (110 males, 110 females). The values of IgG, IgM, IgE and IgA were found to be significantly increased. Leucocyte count and erythrocyte sedimentation rate were also found to be increased in the type 2 diabetics as compared to controls. The study suggests that variation in the levels of immunoglobulins and cell count may be involved in the pathogenesis of type 2 diabetes mellitus.
Introduction
Type 2 diabetes is an incurable, chronic endocrine disorder that affects the body's ability to convert food into energy. Hyperglycemia is the hallmark of diabetes mellitus. Diabetics are likely to experience acute metabolic complications. They are prone to develop micro and macrovascular complications compared to non-diabetics. Type 2 diabetes is characterized by insulin resistance, decreased pancreatic β-cell function and elevated hepatic glucose output (HGO) [1] [2] [3] . Insulin resistance typically becomes worse with the progression of diabetes because of dysregulation of lipid and carbohydrate metabolism. Impaired β-cell function in these patients as evidenced by altered pulsatility of insulin release, loss of first phase insulin release and reduced insulin release in response to a glucose load plays an important role in the expression of the disease. Finally increased HGO correlates well with the fasting plasma glucose levels and is the primary cause of fasting hyperglycemia in type 2 diabetes [1] [2] [3] .
Immune dysfunction is prominently present in type 2 diabetes. There is marked variation in the levels of immunoglobulins 4 . Cell count is significantly altered 5 and ESR is also affected by diabetes 6 .
Experimental
The study group consisted of uncontrolled type 2 diabetes mellitus patients (n=220, 110 males, 110 females) attending Samuel Clinic, Thanjavur. They were freshly diagnosed diabetics and were not under medication for the disease previously. Age and sex matched control subjects (n=220, 110 males, 110 females) were clinically non diabetic and normal as given in Table 1 . Serum and whole blood were utilized for immunological and haematological studies. Total cell count was determined by using a haemocytometer, differential count was determined by Leishmann stain and ESR was estimated by Westergren method.
Immunoglobulin quantitative test is based on a solid phase enzyme linked immunosorbent assay (ELISA). The sample containing antigen was added to antibody coated microtiter well and allowed to react. The free antibodies were washed away and then an enzyme Horse Radish Peroxidase (HRP) conjugated with goat antihuman antibody reagent was added along with the substrate. The colour developed was estimated in an ELISA reader.
Results and Discussion
Elevated levels of IgG, IgM, IgA and IgE have been observed to be the predominant markers of type 2 diabetes (Table 2 ). More than this, an elevated level of agranulocytes and granulocytes are the ubiquitous findings observed in type 2 diabetics. ESR was found to be above the normal range.
Serum gamma globulin is a non specific measure of humoral immune system. IgG concentration was found to be high in type 2 diabetics. This suggests that immune function or activation play an important role in the development of type 2 diabetes. Hence elevated level of gamma globulin in blood can predict type 2 diabetes 7 . The values of IgA and IgM were significantly elevated. The increase is directly proportional to the progression of the disease 8 . IgE was also found to be above the normal range. High levels of IgE elevate glucose and disrupt the homeostasis of endogenous protein.
In vitro trials indicate that a mean glucose level >200 mg/dL cause leucocyte dysfunction [9] [10] [11] . In our investigation also leucocyte count is in an elevated state. This suggests that white blood cell count is a predictor of glucose tolerance and Insulin sensitivity. White cell count is positively associated with obesity 12 .
Chronic Inflammation plays a prominent role in the pathogenesis of type 2 diabetes mellitus 13 . In our study the eosinophils and neutrophils were found to be above the normal range and they are involved in inflammation 14 . The basophil count was found to be within the normal range in type 2 diabetics. The number of monocytes and lymphocytes were found to be higher due to inflammatory response.
ESR, which is a measure of the tendency of red cells to aggregate was used to screen for the presence of hidden inflammation. ESR was found to be elevated and IgM is a major determinant of it. ESR is directly associated with diabetes and can be considered as an independent marker of diabetes 15 . A significant increase in ESR also directs physicians' attention to coronary disease and its consequences 16 . There remarkable elevation in the above stated immunoglubulins and cells explain the immune dysfunction in severe type 2 diabetics.
Conclusion
It is thus concluded that, immunological processes in the pathogenesis of type 2 diabetes are capable of stimulating the production of immunoglobulins. Granulocytes and agranulocytes play pivotal role in the pathogenesis of type 2 diabetes. Thus, the quantification play pivotal role in the pathogenesis of type 2 diabetes. Thus the quantification of immunoglobulins and the cells of the blood system may play a prominent role in the diagnosis and progression of type 2 diabetes.
